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ABSTRACT

Manure application to the soil surface may not be as effective as
incorporated manure for crop production, because of potential N loss.
An experiment was conducted to determine the effects of composted
(compost) and noncomposted manure from beef cattle (Bos taurus)
feedlots on corn (Zea mays L.) yield and N uptake under two tillage
systems in 4 years. Conventional and no-till systems were used as
main plots, and subplots consisted of application of composted and
noncomposted manure and fertilizer to provide for corn N require-
ments, and check treatments. Manure and compost were applied and
immediately incorporated by disking in the conventional system and
left on the surface in the no-till. Fertilizer was incorporated in the
conventional system and surface-applied in the no-till system each
spring prior to planting. Results showed that in 3 out of 4 years there
was no effect of tillage on corn grain yields of plots receiving manure
or compost. Manure and compost application resulted in similar grain
yield as that for fertilizer treatment in all years except for no-till in
1996. First-year N availability was approximately 38% for manure
and 20% for compost in both tillage systems. Apparent N use effi-
ciency was 17% for manure, 12% for compost, and 45% for the
fertilizer treatment across 4 years. Chlorophyll meter readings, indicat-
ing relative plant N concentration at different stages of growth, were
closely related to N uptake and grain yield in years with adequate
water supply, but not in the drier year of 1995. Stalk NO; -N concen-
tration at harvest was above the critical level of 2000 mg kg™~' for the
fertilizer treatment in 1995 but was low (<200 mg kg™") for manure
and compost treatments. Stalk NO;-N concentration did not exceed
the critical level for any treatment in other years. When the correct
N availability factor is used, beef cattle feedlot manure and compost
can be effectively utilized in no-till corn production systems.

IN THE UNITED STATES, beef cattle feeding is concen-
trated in the central and southern Great Plains.
Leading states are Texas, Nebraska, Kansas, Iowa, and
Colorado, which collectively finish two-thirds of the beef
fed in the United States. Approximately 84% were fed
in feedlots with a capacity of 1000 or more head (Krause,
1991). Handling and utilizing the manure produced in
these large feedlots is a significant environmental prob-
lem that must be addressed. Manure from these con-
fined animal feeding units is an important resource for
crop production and soil sustainability, in that it is a
source of all essential plant nutrients. This manure also
provides an excellent source of organic matter when
added to soils, restoring some of the organic matter
depleted by many agricultural practices. However, ma-
nure produced by beef cattle can potentially be a source
of pollution for water, air, and land pollution, because
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of the potential for excess nitrates, salts, undesirable
microorganisms, pathogens, and greenhouse gases; it
is also a possible source of weed seed (Eghball and
Power, 1994).

Composting manure produces a stabilized product
that can be stored or spread with little odor or fly breed-
ing potential (Sweeten, 1988; Rynk et al., 1992). Other
advantages of composting include killing pathogens and
most weed seeds, and improving handling characteristics
of manure by reducing volume and weight. Disadvan-
tages of composting include nutrient loss, specifically
N, and requirements for time, money, equipment, and
labor (Rynk et al., 1992). Eghball et al. (1997) found
that as much as 40% of total beef feedlot manure N
can be lost during composting, and significant losses of
K and Na (>6.5% of total K and Na) occur in runoff
from composting windrows not protected from rainfall.

The no-till crop production system is becoming more
common in the United States. It was predicted that by
the year 2000, 45% of U.S. cropland will be under no-
till or reduced tillage systems (USDA, 1975). In 1996,
41% of the U.S. cropland was under no-till or reduced
tillage management (CTIC, 1997). Soil protection from
erosion losses, conservation of soil water by increased
infiltration and decreased evaporation, increased use of
land too steep for conventional production, and reduc-
tion in fuel, labor, and machinery costs are among the
reasons for increased use of reduced tillage systems
(Doran and Linn, 1994). Manure application to no-till
can result in increased residue on the surface and may
reduce soil erosion. Woodruff et al. (1974) showed that
manure can reduce soil wind erosion. However, manure
application to no-till, where no incorporation is done,
may reduce its effectiveness as a nutrient source because
of potential N loss.

Beef cattle feedlot manure is different from other
livestock manure, as it is left on the feedlot surface for
up to 1 year before it is collected. About 50% of the
excreted N is lost, primarily by NH; volatilization, by the
time manure is collected in cattle feedlots (Gilbertson et
al., 1971). The remaining N is in a more stable form
and not subject to a great N loss. In composting, an
additional 20 to 40% of the manure N is lost and the
N in compost is in even more stable forms than in typical
beef cattle feedlot manure (Eghball et al., 1997). In
dairy, swine (Sus sp.), or poultry (Gallus and other spp.)
manure, up to 50% of the total N is in the NH, form
and subject to loss as NH; if manure is surface-applied
and not incorporated immediately (Overcash et al.,
1983). In compost and beef cattle feedlot manure,
NH; -N usually accounts for less than 16% of total N,
and potential NH; loss will not significantly reduce the N
value of manure or compost (Eghball and Power, 1999).

Poultry and dairy manure have been applied in no-
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till systems. Poultry manure application resulted in sig-
nificantly greater corn grain yield for a conventional
than a no-till system (Sims, 1987). This may be because
NH, -N was about 24% of the total N in the poultry
manure used, and NH; volatilization reduced the
amount of N available to the crop in the no-till soil.
Soil NOs, soil NH,, and NO;-N leaching losses to the
0.6-m depth were greater with N fertilizer than with
poultry manure, but the residual N remaining in the soil
was greater with poultry manure than fertilizer (Sims,
1987). Injected liquid dairy manure in no-till and chisel
plow systems resulted in similar corn grain yield when
applications were made annually, but yield was greater
with plow than no-till in the second year when biennial
manure applications were made (Joshi et al., 1994a).
Soil water collected at a depth of 1.5 m had an average
NO;—N concentration of 66 mg L™ for annual inorganic
fertilizer, 50 mg L ™! for annual manure, and 11 mg L™!
for biennial manure application in 2 years (Joshi et
al., 1994b).

Incorporation of manure after application may reduce
runoff losses and conserve manure nutrients compared
with surface application. Loss of nutrients from surface
application of manure or compost containing high NH,
contents may reduce their effectiveness for crop produc-
tion. Our objective was to determine the effects of com-
posted and noncomposted beef cattle feedlot manure
application on corn grain yield and N uptake in conven-
tional and no-tillage systems.

MATERIALS AND METHODS

An experiment was initiated in 1992 on a Sharpsburg silty
clay loam soil (fine, smectitic, mesic Typic Argiudoll) under
rainfed conditions at the University of Nebraska Agricultural
Research Center near Mead, NE. The soil had a Bray and
Kurtz no. 1 P test of 79 mg kg™" and a pH (1:1 soil:water) of
6.3 in the surface 15 cm. A split-plot in a randomized complete
block design was used with four replications. Tillage systems
of conventional and no-till were used as main plots. Subplots
consisted of application of composted and noncomposted beef
cattle feedlot manure and commercial fertilizer to provide for
corn N requirements (151 kg available N ha~! for an expected
9.4 Mgha! grain yield; Gilbertson et al., 1979), and a nonfertil-
ized check. Manure and compost were applied and incorpo-
rated within 1 or 2 d into the top 10 ¢cm of soil by disking in
the conventional tillage plots in the autumn of 1992, 1993,

Table 1. Characteristics of beef cattle feedlot manure and com-
posted feedlot manure applied in 4 years at Mead, NE. Nutri-
ents, C, and ash contents are on a dry weight basis.

Year and Total Total Total Water
source C N P Ash content NO,-N NH-N ECt pHf

1

g kg™! — mg kg™' — Sd m~
1992
Manure 784 7.9 3.20 844 195 30 1263 4.6 113
Compost 95.0 11.0 6.60 808 332 117 169 74 17
1993
Manure 133.1 10.2 4.00 715 539 17 480 52 88
Compost 874 7.7 215 796 403 38 33 22 83
1994
Manure 237.0 15.6 3.27 591 200 11 365 54 82
Compost 73.5 7.6 4.07 849 340 383 55 61 7.2
1995
Manure 172.8 13.0 3.16 677 251 130 898 38 73
Compost 68.2 7.8 3.05 798 150 294 97 60 7.7

+ Electrical conductivity (EC) and pH were determined on 2:1 water to
dry manure or compost ratio.

1994, and 1995. The conventional plots were also cultivated
for weed control, in addition to using herbicide in the corn
rows. In the no-till plots, manure and compost were broadcast
on the soil surface in the autumn without incorporation or
subsequent tillage. Weed control in the no-till plots was
achieved using herbicides. Nutrient contents of the applied
manure and compost are given in Table 1.

Nitrogen and P fertilizers were applied each spring to both
tillage systems prior to disking of the conventional tillage area
and subsequent planting. Diammonium phosphate (18-20-0
N-P-K) was applied at a rate of 25.8 kg P ha™!, and additional
NH,NO; (34-0-0 N-P-K) was applied to provide a total N
rate of 151 kg N ha™!, for an expected yield level of 9.4 Mg
ha™! (Gilbertson et al., 1979). The limiting nutrient in this
study was N. Application of P fertilizer was based on manure
and compost P additions, while accounting for P removal in
grain. Check plots received no manure, compost, or chemical
fertilizer. Manure and compost were applied in 1992 based
on the assumption that 40, 20, 10, and 5% of the N applied
would be plant-available in the 1st, 2nd, 3rd, and 4th year
after application, respectively (Gilbertson et al., 1979; Eghball
and Power, 1999). This assumption was found to be an overes-
timation of N availability from compost, since N availability
from compost was approximately 20% based on plant N up-
take in 1993. Therefore, N availability from compost was
changed to 20, 20, 10, and 5% in the 1st, 2nd, 3rd, and 4th
year after compost application. The 40, 20, 10, and 5% N
availability assumption was used for manure in all years. The
residual values of N from previous manure and compost appli-
cations were considered when these resources were applied
in the 2nd, 3rd, and 4th year. Nitrogen availability from ma-
nure and compost beyond the 4th year was assumed to be
minimal.

Manure or compost was hand-applied to 12.2- by 4.6-m plots
(6 corn rows) after corn harvest in late autumn (Nov.-Dec.).
Manure and compost characteristics are given in Table 1 and
the application rates are given in Table 2. Corn (Pioneer 3394)
was planted at a seeding rate of 47 000 seed ha™! and a 0.76-m
row spacing. The planting dates were 21 May 1993, 10 May
1994, 24 May 1995, and 21 May 1996.

Plant samples (4 plants per plot) were collected at the 10-
leaf stage and at tasseling each year. The samples were dried
at 70°C, weighed, and analyzed for total N (Schepers et al.,
1989). Corn was harvested by hand in October (middle two
rows, 6.1 m long) of each year and grain yield determined.
The reported vields are adjusted to 155 g kg™! water content.
Stover samples were taken from one of the two rows used for
grain determination. Grain and stover samples were analyzed
for N content to determine total N uptake. Stalk samples (20
cm long each) were taken at 15 cm above ground from each
plot (8 per plot) at harvest time, dried, ground to pass a 0.5-
mm sieve, and analyzed for NO;-N (Binford et al., 1990).

Chlorophyll meters (Minolta SPAD 502) were used to eval-
uate the N status of corn during the growing season.! Measure-
ments were made at the 10-leaf stage and once every 2 wk

Table 2. Composted and noncomposted manure dry weight and
N application in 4 years at Mead, NE.

Treatment 1992 1993 1994 1995 Total
Dry weight applied
Manure, Mg ha™! 46.9 18.5 121 14.5 92.0
Compost, Mg ha™' 34.6 49.5 251 36.4 145.6
N applied
Manure, kg N ha™! 378 189 189 189 945
Compost, kg N ha™! 378 378 189 283 1228
Fertilizer, kg N ha™! 151 151 151 151 604

'Use of a trade name does not indicate endorsement by the USDA-
ARS or the Univ. of Nebraska.
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thereafter, for a total of four times per year (three measure-
ments in 1995). Measurements were made (30 random plants
per plot) on the top fully expanded leaf at the 10-leaf stage
and on the ear-leaf for subsequent measurements.

Growing season rainfall (1 May 1-15 Oct.) was 773, 558,
307, and 425 mm in 1993, 1994, 1995, and 1996, respectively,
compared with a 30-yr average of 493 mm. Rainfall from 1
June to 31 August for the same four years was 595, 405, 107,
and 215 mm, respectively. The plots were irrigated three times
during July and August in 1995 for a total of 75 mm, to avoid
losing the experiment.

Analysis of variance was used to analyze the data, using
SAS (SAS Inst., 1985). Combined analysis was performed
across years for all parameters except chlorophyll meter read-
ings, v/x'lhich are reported for each year. Number of plants
harvested was used as covariant in the analysis of variance to
adjust grain yield and total N uptake for plant population
differences among plots. A probability level =0.05 was consid-
ered significant.

RESULTS AND DISCUSSION
Grain Yield and Total N Uptake

Application of composted or noncomposted beef cat-
tle feedlot manure resulted in greater corn grain yield
than from nonfertilized check treatments in all 4 years
(Table 3). Averaged across treatments, grain yield was
greatest in 1994 and was least in 1995. The two tillage
systems resulted in similar corn grain yield, but tillage
interacted with year and treatment (Table 3). Grain
yield was similar for no-till and conventional tillage sys-
tems for the four treatments in 1993, 1994, and 1995,
but in 1996 yield was lower for the manure and compost
treatments in no-till than in the conventional system
(Fig. 1). There was slightly greater incidence of root
worm (Diabrotica spp.) damage in the no-till than con-

ventional system in 1996, but use of damage ranking as
a covariant failed to change the grain yield response
observed (data not shown). In 3 out of 4 years, surface
application of manure or compost in no-till resulted in
corn grain yield comparable to that with manure and
compost incorporation (conventional tillage system).

Total N uptake was greatest in 1993 and was least in
1995 (Table 3). There was no effect of tillage on total
N uptake, but other treatments did influence total N
uptake. There were significant year X tillage and year X
treatment interactions for total N uptake (Table 3). To-
tal N uptake was greater for conventional than no-till
in 1994 and 1996, but this was reversed in 1995 (Table
4). Total N uptake was greatest for fertilized and was
least for check plots in all years. Compost application
resulted in N uptake similar to that for manured plots
in all years except in 1993, when corn receiving manure
had greater N uptake than corn receiving compost (Ta-
ble 5). Greater grain yield and total N uptake for manure
than compost in 1993 reflected the inadequate amount
of compost applied (inadequate due to lower than ex-
pected N availability from compost). The significant
tillage X treatment interactions for grain yield and total
N uptake indicate greater differences between fertilizer
and manure or compost in no-till than in the conven-
tional system (Table 6).

Apparent N use efficiency was calculated as [(total
treatment N uptake in 4 yr — total check N uptake in
4 yr)/N applied in 4 yr] X 100. This was 19.9% for
manure, 13.7% for compost, and 42.4% for fertilizer in
the conventional tillage system across 4 years. Corre-
sponding values for no-till were 13.5, 11.1, and 47.7%,
respectively. Assuming 100% N availability from fertil-
izer and similar N use efficiency of the available N from

Table 3. Tillage, manure, and composted manure effects on corn grain yield, total N uptake, plant weight and N uptake at the 10-leaf
stage and at tasseling in 4 years and on stalk nitrate concentration in 3 years at Mead, NE.

Total N Stalk 10-leaf Tasseling 10-leaf Tasseling

Variable n Grain uptake nitrate dry wt. dry wt. N N

Mg ha™' kg ha™! mg kg™ g plant™

Year
1993 32 6.23+ 99+ — 35 158 0.73 1.53
1994 32 7.49 94 90 55 170 0.97 1.84
1995 32 3.81 66 1150 69 108 0.81 1.20
1996 32 5.44 84 610 65 157 1.25 2.21

Tillage (Till)

Conventional 64 5.86 88 550 54 149 0.93 1.79
No-till 64 5.62 83 670 59 147 0.95 1.60
Treatment (Treat)
Manure (Man) 32 6.14 89 80 56 146 0.92 1.60
Compost (Com) 32 6.03 87 90 58 159 0.90 1.83
Fertilizer (Fert) 32 7.03 118 2240 65 172 1.29 2.30
Check 32 3.77 50 40 46 116 0.64 1.04

Analysis of variance df Pr>F

Year 3% 0.01 0.01 0.02 0.01 0.01 0.01 0.01

Rep(Year) 12 (9)

Tillage 1 0.56 0.55 0.25 0.68 0.89 0.89 0.39

Year X Till 322 0.03 0.02 0.52 0.01 0.01 0.01 0.01

Till X Rep(Year) 12 (9)

Treatment 3 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Man & Comn vs. Fert 1 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Man vs. Com 1 0.48 0.72 0.95 0.30 0.07 0.70 0.09
Check vs. All 1 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Year X Treat 9(6) 0.01 0.01 0.01 0.25 0.04 0.21 0.03

Till X Treat 3 0.01 0.01 0.81 0.14 0.02 0.04 0.17

Year X Till X Treat 9 (6) 0.02 0.19 0.99 0.25 0.65 0.56 0.88

Plant ha™! 1 0.01 0.02 — — — —_ —

t Least squares means adjusted for plant population differences. Plant ha~! was the covariant.

t The numbers in parentheses are df for stalk nitrate.
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Fig. 1. Corn grain yield for four treatments in conventional and
no-tillage systems in 4 years at Mead, NE. Vertical bars indicate
standard errors (2 SE indicates 0.05 level probability).

manure and compost as those for the fertilizer, first-
year N availability was approximately 38% for manure
and 20% for compost in both tillage systems, based on
total N uptake in 1993. Eghball and Power (1999) found
first-year N availability from manure and compost to
be 40 and 15%, respectively. Second-year N availability
was 18.0% for manure and 8.4% for compost, based
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Table 5. Year X treatment interaction means for corn grain yield,
total N uptake, stalk nitrate, plant weight, and N uptake at
tasseling at Mead, NE.

Total N Stalk  Tasseling Tasseling
Variable Grain uptake nitrate dry wt. N
Mg ha™! kgha?' mgkg' ——gplant™!' ——
1993
Manure  7.28 = 0.231 118 = 5% — 169 + 8 1.59 +0.13
Compost  6.31 * 0.23 935 — 153+ 8 1.54 * 0.12
Fertilizer 7.0 =023 122+ 5 — 1876 2.08 +0.17
Check 4.26 = 0.25 63*6 — 122+3 0.90 = 0.03
1994
Manure 8.29 + 0.33 94+5 3010 165*+13 191 =029
Compost 7.87 = 0.26 9 +6 102 185 *+10 191 = 0.19
Fertilizer 9.49 +028 135+6 290130 199+9 244 +0.29
Check 4.29 = 0.27 8B+6 10+1  129+11 1.12 = 0.10
1995
Manure  3.71 + 0.25 616 130+50 111 +10 1.13 = 0.14
Compost 3.87 + 0.23 675 180100 109 £ 11 1.31 = 0.17
Fertilizer 4.33 + 0.25 916 4260 x850 120 * 16 1.46 + 0.16
Check 332 £0.27 47+ 6 05 93 + 12 0.89 = 0.14
1996
Manure  5.29 + 0.22 825 2010 140 =20 1.79 + 0.33
Compost  6.06 + 0.22 915 90 +10 189 +11 2.57 = 0.25
Fertilizer 7.22 +0.23 123 +5 1430 =500 182 =11 3.24 = 0.26
Check 3.20 = 0.22 2+5 804 119+12 1.25+0.11

T Least squares means adjusted for plant population differences, +1 SE.

on corn N uptake in a biennial manure or compost
application. Lower grain yield for compost in 1993 (Ta-
ble 5) may reflect lower than expected N availability.

Plant Dry Weight and N Uptake at 10-Leaf
and Tasseling

There were significant effects of treatment and year
on plant weight and N uptake at the 10-leaf stage and
at tasseling (Table 3). Compared with other study years,
plant dry weight in 1995 was greatest at the 10-leaf
stage, but was least at tasseling (Table 3). This probably
occurred because of the dry condition that prevailed
after the 10-leaf stage in 1995. Fertilizer application
resulted in greater plant weight and N uptake at the 10-
leaf stage and at tasseling than for all other treatments
(Table 3). At tasseling, compost application resulted in
greater plant weight and N uptake than manure applica-
tion. There was no effect of tillage on plant weight and
N uptake at the 10-leaf stage and at tasseling (Table 3).

There were tillage X year interactions for plant weight
and N uptake at the 10-leaf stage and at tasseling (Table
3). Plant weight and N uptake at both sampling times

Table 4. Year X tillage interaction means for corn grain yield, total N uptake, plant dry weight and N uptake at the 10-leaf stage and

at tasseling at Mead, NE.

Total N 10-leaf Tasseling 10-leaf Tasseling
Variable Grain uptake dry wt. dry wt. N
Mg ha™! kg ha™! g plant™’
1993
Conventional 6.29 + 0.201 101 = 4f 392 165 = 8 0.79 + 0.07 1.61 = 0.15
No-till 6.17 £ 0.16 9% * 4 322 1517 0.67 = 0.06 1.45 + 0.12
1994
Conventional 7.65 = 0.22 99+ 5 59+3 1789 0.98 + 0.08 2.00 £ 0.22
No-till 7.33 = 0.22 894 52+4 160 = 11 0.97 * 0.09 1.69 *+ 0.17
1995
Conventional 3.50 = 0.18 59+4 52+4 89 +7 0.63 = 0.07 1.04 * 0.12
No-till 411 + 0.18 744 87+ 4 128 7 0.99 = 0.09 1.36 * 0.10
1996
Conventional 6.00 * 0.16 94+ 4 663 165 * 10 1.32 = 0.08 2.52 £ 0.25
No-till 4.89 + 0.16 75+4 654 149 = 14 119 + 0.13 1.90 * 0.25

1 Least squares means adjusted for plant population differences, +1 SE.
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Table 6. Tillage X treatment interaction means for corn grain obtain optimum corn yields (Binford et al., 1990). Stalk

yield, total N uptake, 10-leaf N, and plant dry weight at tasseling NO;-N was greater in 1995 than in the other years
Mead, NE. .

at Mead, - - when averaged across tillage and treatments, but the

Variable Grain Total N 10Jeal  Tasseling concentration (1150 mg kg~!) was below the critical

y Ld ot level (Table 3). No effect of tillage on stalk NOy-N

conventionat  TE ha™ kg ha™ g plant™ concentration was observed. There was a treatment X
Manure 645+ 0161  97=4i 099+010 1619 year interaction for stalk NO;-N (Table 3). Stalk
Compost 6.24 * 0.16 924  090=0.10 152*12 NO;-N was below the critical level for all treatments
Cortilzer T Mid Chail® IMIL in 1994 and 1996, but in the drier year of 1995, stalk

No-ill B B - NO;-N was more than twice the critical level for the
Manure 5.83 = 0.19 814 0852006 13212 fertilizer treatment (Table 5). In the dry year, excess
O el hid Ve exs NO;-N in stalks indicated excess available N in the
Check 3.60 = 0.16 49+4  064x005 117=5 soil. However, when manure or compost are applied in

dry years, less N is expected to convert to NO;y-N in
the soil and excess build-up of NO; may not be a

were greater for no-till than the conventional system in problem.

1995, while the two tillage systems resulted in similar

plant weight and N uptake in other years (Table 4). In Leaf Chlorophyll
the drier 1995, no-till resulted in greater early growth
and yield than the conventional system, possibly re-
flecting greater water storage in no-till. There was a
year X treatment interaction for plant weight at tassel-
ing and tillage X treatment interactions for both plant
weight at tasseling and N uptake at the 10-leaf stage
(Tables 3, 5, and 6).

Plant weight and N uptake at the 10-leaf stage fol-
lowed the same trend as grain yield and total N uptake
for manure, compost, and fertilizer treatments in all
years except the drier 1995. By tasseling, plant weight
and N uptake closely followed grain yield and total N
uptake trends, which indicates that early plant growth
may not be a good indicator of yield or N uptake in

T Least squares means adjusted for plant population differences, =1 SE.

The chlorophyll meter measures the degree of green-
ness of the leaves and is an indication of plant N concen-
tration in the growing season (Varvel et al., 1997). Leaf
chlorophyll readings from manure, compost, and check
treatments were compared with that from the fertilizer
treatment. Check treatments had lower chlorophyll
readings than the fertilizer treatments for all measure-
ment times in both tillage systems in all 4 years (Table
7). Manure application resulted in generally similar
chlorophyll meter readings to those for the fertilizer
treatments in the conventional tillage system in all 4
years, but readings for manure treatments in no-till were
reduced in all years. Compost application resulted in
readings less than those for fertilizer treatments for both

dry years. tillage systems in 1993 and in the no-till in 1994.
_ Chlorophyll meter readings for the times closest to
Stalk NO; -N plant samplings at the 10-leaf stage and at tasseling
Stalk NO;-N concentration after harvest has been were correlated with plant weight and N uptake at these
used as an indicator of excess soil NO;~N or induced sampling times. Correlation coefficients between chlo-
environmental stress. The critical stalk NO;-N value is rophyll meter readings and plant dry weight or N uptake

about 2000 mg kg~! (Binford et al., 1990; Varvel et al., at both 10-leaf and tasseling stages indicated significant
1997). Stalk NO;-N levels >2000 mg kg™! are judged relationships in 1993, 1994, and 1996 (Table 8). The

to indicate excess NOj in the soil or an occurrence of correlation coefficients at the 10-leaf stage between
environmental stress. High soil NO; -N has the poten- chlorophyll meter reading and plant weight or N uptake
tial to leach into ground water. Stalk NO;-N <100 mg at the 10-leaf stage were low (r < 0.20) in 1995.

kg™! may indicate that N supply was not adequate to Chlorophyll meter readings can also indicate plant

Table 7. Manure, compost, and fertilizer effects on chlorophyll meter readings of corn in two tillage systems in 4 years at Mead, NE.

Chlorophyll meter reading

1993 1994 1995 1996
ear leaf ear leaf ear leaf ear leaf
top leaf, top leaf, top leaf, ————— top leaf,
Variables 13 July 29 July 11 Aug. 24 Aug. 14 July 27 July 10 Aug. 29 Aug. 3 Aug. 22 Ang. 29 Aug. 15 July 29 July 12 Aug. 30 Aug.
Conventional till
Fertilizer 52 56 53 51 54 53 54 47 44 49 4 49 58 58 56
Check 40 4 1 43 38 36 36 28 40 42 36 4?2 40 45 39
Manure 49 54 52 53 50 49 438 43 44 47 4 47 54 52 51
Compost 45 48 46 48 50 49 48 37 46 47 43 48 56 57 54
LSD (0.05) 2 3 5 5 5 8 6 5 2 6 4 2 4 5 5
No-Till
Fertilizer 54 56 53 52 54 55 54 47 45 50 43 50 54 54 54
Check 39 33 37 38 38 36 35 26 11 45 40 11 35 42 33
Manure 48 52 48 51 47 47 45 40 4?2 4 40 4?2 M 45 39
Compost 46 47 4 47 51 47 47 40 46 48 43 43 45 43 41

LSD (0.05) 3 3 5 5 6 5 6 5 3 3 3 4 9 13 5
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Table 8. Correlation coefficients between chlorophyll meter readings of corn and plant dry weight or N uptake at the 10-leaf stage and

at tasseling at Mead, NE.

Chlorophyll meter reading

1993 1994 1995 1996
Variable 10-leaf tasseling 10-leaf tasseling 10-leaf tasseling 10-leaf tasseling
r
10-leaf plant wt. 0.69** — 0.75%* — 0.15 — 0.49** —
10-leaf plant N 0.83+* — 0.86%* — 0.19 — 0.61%* —
Tasseling plant wt, — 0.81** — 0.70** — 0.57+* — 0.64%*
Tasseling plant N — 0.72%* — 0.60** — 0.68+* — 0.85**

**Sjignificant at the 0.01 probability level.

nutrition during the growing season. Plant nutrition will
eventually translate into grain yield and total biomass
at harvest. Correlation coefficients between leaf chloro-
phyll at various times during the growing season with
grain yield resulted in r > 0.71 in 1993, 1994, and 1996
(all significant at the 0.01 probability level; data not
shown). In 1995, the correlation coefficients between
chlorophyll meter readings on 3 August, 22 August, and
29 August and grain yield were 0.22, 0.65, and 041,
respectively. In dry years, chlorophyll meter readings
may not provide an indication of the yield level.

CONCLUSIONS

In 3 out of 4 years, beef cattle feedlot manure or
composted feedlot manure left on the soil surface of
no-till plots produced corn grain yields that were similar
to those for plots in which the materials were incorpo-
rated. There was no apparent reason for greater corn
yield for conventional compared with no-till treatments
receiving manure or compost in 1996. It appears that
surface application of beef cattle feedlot manure or com-
posted manure did not result in significant N losses. This
is because N compounds in beef cattle feedlot manure or
compost are mainly organic forms and contain only
small concentrations of NH;-N (which is subject to
volatilization loss). Organic sources that contain a large
concentration of NH}-N should be incorporated after
application to minimize N loss. Nitrogen uptake by corn
generally followed the same trend as grain yield, indicat-
ing that N availability from manure or compost followed
the same pattern throughout the growing season in all
years except 1995. In the drier 1995, early corn growth
did not translate into greater grain yield. Averaged
across years, fertilizer application resulted in greater
grain yield than manure or compost. This was primarily
because of significantly less corn yield for manure or
compost than that for fertilizer treatment in the no-till
in 1996. Additional research is needed to determine the
amount of manure and compost N that becomes plant-
available under different environmental and soil condi-
tions so that these resources can be effectively utilized
for crop production without adverse effects on the envi-
ronment.

Stalk NO;-N concentration indicated excess soil
NO;5;-N in the fertilized plots, but not in manure or
compost plots in the dry year (1995). In a dry year,
conversion of organic and NH-N to NO;-N is slowed
when manure and compost are applied. Chlorophyll

meter readings were very good indicators of plant
growth and N uptake in all years except in the dry year
of 1995. Water stress after the 10-leaf stage in 1995
resulted in chlorophyll meter readings that were not
correlated with final N uptake. Water stress is a more
dominant factor than N deficiency, and so chlorophyll
meter readings may not be a good indicator of plant N
status in water stress years.
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